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Introduction {#sec006}
============

Mental disorders account for a substantial portion of the burden of illness across the globe. \[[@pone.0228854.ref001]\] In low- and middle-income countries (LMICs) with few specialized mental health providers, task sharing---moving care responsibilities from more specialized providers to less specialized health workers---has been increasingly emphasized as a key approach for addressing the global burden of mental disorders. \[[@pone.0228854.ref002]--[@pone.0228854.ref005]\] Evidence for the clinical effectiveness of task sharing in mental health care for a range of mental disorders is now clear. \[[@pone.0228854.ref006]--[@pone.0228854.ref009]\] From this evidence, the World Health Organization (WHO) has developed guidelines and cost-effective care packages for non-specialist providers to manage priority mental disorders in a variety of settings. \[[@pone.0228854.ref010]\]

Although task sharing packages for mental health care have been articulated, little evidence exists on how to turn these care packages into sustained service delivery systems in resource-limited and complex health care settings, particularly at scale. Implementation of standardized mental health care packages in any setting requires multi-faceted strategies that are guided by local experience and actively engage providers. \[[@pone.0228854.ref011]\] An effective implementation program for task sharing in mental health care must address both clinician- and systems-level factors, as most non-specialized health workers have had little or no experience in basic mental health assessment and treatment planning, or mental health service delivery \[[@pone.0228854.ref012]--[@pone.0228854.ref013]\]. General health system structures are often not designed to incorporate mental health care and supervision into settings with multiple competing clinical priorities and few human and financial resources. Implementation programs which focus on the general clinical acumen of front-line providers and which establish accountability for the quality of mental health care provision, as well as augment general health systems' capacity to incorporate mental health service delivery, are critical for effective task shared mental health care package implementation and scale-up in resource-limited settings.

With a population of 11.2 million people, the Republic of Rwanda is 159^th^ on the human development index despite very significant growth in various public and private sectors over the past two decades. Rwanda has also had to contend with significant mental health burdens, including high rates of depression and posttraumatic stress related disorders (PTSD) due to the 1994 genocide, limited access to mental health services, and high levels of untreated severe mental illness. \[[@pone.0228854.ref014]\] In recognition of this high burden, over the past two decades, mental health services have been gradually decentralized, with mental health services increasingly provided by at least one psychiatric nurse and psychologist in each of 42 district hospitals. \[[@pone.0228854.ref015]\] However, the national budget for mental healthcare, as well as the ratio of public mental health workers to population within each district, remains very low. While decentralization of mental health services---the dissemination of nonspecialist-delivery care at district general hospitals, primary care health centers and in communities in an organized way---is a core tenet of the national mental health plan, the capacity of the government to implement decentralization has been limited due to significant resource constraints.

One potential solution for the challenges of mental health service decentralization and the scale-up of non-specialist delivered mental health care packages is to use effective implementation strategies designed for other clinical endeavors as a starting point. \[[@pone.0228854.ref015]\] Partners In Health (PIH), a nonprofit organization working in ten countries, has been working to support the public health delivery system in three rural districts of Rwanda since 2005, in close collaboration with its local sister organization, Inshuti Mu Buzima (IMB). In 2010, the Rwandan MoH and PIH collaboratively launched the Mentoring and Enhanced Supervision at Health Centers (MESH) program, an implementation program designed to strengthen the primary care system and improve the quality of care provided by nurses at primary care health facilities in PIH-supported districts of Rwanda. \[[@pone.0228854.ref016]\] The program's initial focus was to support health center nurse implementation of clinical protocols in child health, obstetrical and neonatal care, HIV care, and adult health. Results from health centers supported by the MESH program demonstrate significant improvements in a number of quality of care indicators following implementation \[[@pone.0228854.ref016]--[@pone.0228854.ref017]\].

In 2012, PIH/IMB, in collaboration with the Rwandan MoH, adapted MESH for mental health care delivery. MESH for Mental Health (MESH MH), is a multifaceted implementation program using four primary implementation strategies: decentralized training of primary care nurses in evidence-based mental health care packages; clinical mentoring of primary care nurses at rural satellite health centers by an experienced government psychiatric nurse; continuous primary care nurse clinical performance audit and feedback; and collaborative facilitation of systems-based Quality Improvement (QI) projects. MESH MH was designed to operate within the existing MoH infrastructure, and clinical, supervisory and administrative staff for the program are located within the public sector. PIH/IMB together with the Mental Health Division of the MoH and funded by Grand Challenges Canada, scaled primary care delivered mental health services from six to nineteen health centers across Burera district between 2014 and 2016, using the MESH MH implementation program to facilitate this scale-up.

Implementation science studies are needed to address the significant knowledge gap between evidence based care packages for mental disorders and their actual delivery, especially in resource-limited settings. To this end, we conducted a quasi-experimental study to assess the implementation reach, fidelity, and clinical effectiveness of our primary care delivered mental health services, supported by MESH MH, as the services were scaled within one rural district of Rwanda.

Methods {#sec007}
=======

This evaluation was approved by the Rwanda National Ethics Committee (Protocol \#736/RNEC/2016) and deemed exempt by the Harvard University Institutional Review Board.

The initial protocol for this study is published at doi: [10.1136/bmjopen-2016-014067](https://doi.org/10.1136/bmjopen-2016-014067) \[[@pone.0228854.ref018]\] and is available in [S1](#pone.0228854.s001){ref-type="supplementary-material"} and [S2](#pone.0228854.s002){ref-type="supplementary-material"} Files.

Study setting {#sec008}
-------------

The MESH MH implementation program was adapted in 2012 from the larger MESH program, and used initially at six health centers over two years in Burera district, which has a population of approximately 340,000. Between 2014 and 2016, mental health services at primary care centers were rolled out sequentially from 6 to 19 health centers supported by the MESH MH implementation program, for full district coverage. In addition to the 19 primary care health centers, the district health system also includes a 150-bed general hospital (Butaro Hospital), which operates as the district referral center for acute medical and psychiatric problems, and houses an outpatient speciality mental health clinic staffed by several government psychiatric nurses, and a government psychologist. The district health system also includes approximately 1500 Community Health Workers (CHWs) who are based within villages and affiliated with health centers as community linkages to the formal health system.

Evidence-based care packages {#sec009}
----------------------------

Four major mental and neurologic disorders were chosen for initial clinical focus based on clinical priorities and disease burden perceived by district mental health staff and health center directors within their catchment areas during the early stages of MESH MH development: schizophrenia; bipolar disorder; major depressive disorder; and epilepsy. Care packages for each disorder were designed for delivery at rural primary care health centers based on feasibility and evidence of treatment effectiveness \[[@pone.0228854.ref010]\], in collaboration with mental health providers within the district ([Table 1](#pone.0228854.t001){ref-type="table"}).

10.1371/journal.pone.0228854.t001

###### Components of health center delivered mental health care packages.

![](pone.0228854.t001){#pone.0228854.t001g}

  -------------------------------------------------------------------------------------------------
  Complete mental health assessment, including medical and psychosocial assessment
  Psychoeducation to service users and families
  Psychosocial interventions:
        - Address psychosocial stressors (all disorders)
        - Behavioral activation (depression)
        - Sleep hygiene and coping strategies (bipolar disorder/psychotic disorders)
        - Facilitated rehabilitation in collaboration with CHWs (psychotic disorders)
  Medication management
  Regular monitoring and follow up (weekly to monthly)
  Referral to community-based support for adherence promotion and follow-up management as needed.
  Triage and referral to specialist mental health care for acute or complex needs as needed
  -------------------------------------------------------------------------------------------------

MESH MH implementation program {#sec010}
------------------------------

The MESH MH Implementation Program consisted of four basic strategies to ensure the delivery of the priority care packages at health centers: Training, Supervision and Mentorship, Audit and Feedback, and Systems-Based Quality Improvement (QI) ([Table 2](#pone.0228854.t002){ref-type="table"}).

10.1371/journal.pone.0228854.t002

###### MESH MH implementation strategies.

![](pone.0228854.t002){#pone.0228854.t002g}

  Strategy                                                                                                                                                                                                        Description
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Training                                                                                                                                                                                                    \- Decentralized, interactive training for primary care nurses and community health workers on priority care packages, including the distribution of educational materials
  \- Refresher trainings held every six months                                                                                                                                                                    
  2\. Clinical Supervision and Mentorship                                                                                                                                                                         \- Primary care nurses provided with ongoing supervision and mentorship focused on care package implementation.
  \- Psychiatric nurse-mentors provided with training on best practices in supervision.                                                                                                                           
  \- Established program goal included three supervisory visits to each health center per month for at least six months, then bimonthly visits for six months, and monthly visits after one year of supervision   
  3\. Audit and Feedback                                                                                                                                                                                          \- Clinical performance data from a structured checklist was collected from at least three observed interviews per supervisory visit
  \- Performance data was shared with primary care nurses to monitor, evaluate, and modify clinical practice                                                                                                      
  4\. Systems-Based Quality Improvement                                                                                                                                                                           \- System based changes at health centers were implemented in a cyclical fashion using small tests of change (PDSA cycles).

### Strategy 1: Training {#sec011}

38 primary care nurses participating in the MESH MH program received an initial forty-hour training focused on the care packages, taught by government psychiatric nurses based at Butaro hospital. The training curriculum focused on performing an accurate general diagnostic assessment of persons presenting with mental health concerns, including medical evaluation of presenting symptoms, crisis interventions, and referral pathways for the selected major mental disorders and epilepsy. Nurses were also taught to generate and carry out a plan of care appropriate for each service user, including pharmacology as needed, psychoeducation, and linkages with social and community-based supports. The training also included sessions designed to improve nurses' general clinical acumen such as communication skills and developing rapport with service users, managing challenging emotional situations, and responding effectively to a variety of challenging clinical situations. The training curriculum was based on existing MoH and PIH guidelines as well as the World Health Organization Mental Health Gap Action Program (mhGAP). \[[@pone.0228854.ref010]\] Brief refresher trainings focused on areas of perceived need by government psychiatric nurse-mentors, were held every six months.

MESH MH also included basic training for Community Health Workers (CHWs) in case finding, treatment adherence, psychoeducation and stigma reduction. Training for one CHW in each village (approximately 750 total CHWs) began several months after MESH MH mental health supported services were incorporated at health centers. CHWs were supported by a PIH community coordinator and a public community health nurse at each participating health center.

### Strategy 2: Supervision and mentorship {#sec012}

Immediately following the training, health centers newly participating in the MESH MH program established a weekly mental health clinic day. On that day, each participating primary care nurse received a clinical supervisory-mentorship visit by a psychiatric nurse-mentor from the district hospital. The program goal was to complete three supervisory visits to each health center per month for at least six months, then bimonthly visits for six months, and monthly visits after one year of supervision. Supervisory visit targets were determined during the initial piloting of MESH MH (2012--2014) prior to the district scale up. Supervisory visits included direct clinical observation, individual case review, documentation review, and brief didactic sessions on relevant topics. MESH MH psychiatric nurse-mentors also participated in organizational-wide trainings for designed to improve supervisory and mentorship skills among mentors across clinical domains.

### Strategy 3: Audit and feedback {#sec013}

A clinical checklist was developed to track each nurse's provision of mental health care at health centers. The goal was to complete a checklist for at least three clinical encounters during each supervisory session by a MESH MH mentor. The checklist contained dichotomous scoring of key observable features of basic mental health evaluations, including aspects of assessment, treatment and follow-up planning, and referral procedures. The nurse mentor used the checklist to ensure that health center nurses were performing basic mental health evaluations, accurately diagnosing service users, and offering appropriate treatment including both psychopharmacologic management of symptoms as needed, as well as an appropriate choice of psychoeducational and behavioral interventions for the clinical situation. Mentors and nurses discussed checklist scores on a regular basis, and primary care nurses were provided specific feedback on clinical strengths and areas for improvement based on their checklist scores.

### Strategy 4: Systems-based QI {#sec014}

During each supervision session, the nurse-mentor also used a structured QI process, a short-term rapid learning approach, to facilitate system improvements for primary care-delivered mental health care. The MESH QI process used continuous plan-do-study-act (PDSA) cycles, which devised health center derived indicators, identified specific addressable problems, and implemented, monitored, and modified solutions as needed based on the chosen indicators. \[[@pone.0228854.ref019]\] The MESH MH nurse-mentor used the QI process to stimulate discussion with a designated clinical and administrative team at each health center around systems-based performance issues and mental health care "quality gaps". After gaps were identified, the mentor worked together with the health center staff to formulate and record the specific solutions to improving quality gaps, in order to return to them frequently until resolutions were found.

Data collection: Implementation reach (service use) {#sec015}
---------------------------------------------------

Routine program monitoring data were collected from paper registries for all service users attending mental health services at all health centers during the two-year scale up period, from 6 to 19 health centers supported by MESH MH. Visit data are recorded in the daily register by each clinician at all health facilities in the district. Data officers collected routine service user variables from the paper registers and entered them into a centralized database (Microsoft Corp, Redmond, Washington, USA). Collected variables included the total number of unique service users seen for a mental disorder or epilepsy, and the total number of recorded visits for a mental disorder or epilepsy.

Data collection: Implementation fidelity {#sec016}
----------------------------------------

All MESH MH mentor clinical observation checklists completed during each supervisory and quality improvement visit were collected from the MESH MH nurse mentor, reviewed for accuracy and completeness by a research officer, and entered into a database. Four health centers were chosen for convenience to measure implementation fidelity as those health centers were newly participating in the scale-up of health services supported by MESH MH. Implementation fidelity was measured by 1) comparing the total number of supervisory and quality improvement visits completed each month from November 2014 to July 2015 relative to the target number (96 total visits during the nine month study period, to meet the program goal of three monthly visits to each health center for the first six months, then two monthly visits for the subsequent three months) and 2) comparing the number of checklists completed during each supervisory visit relative to the target number (288, to meet the program goal of at least three directly observed clinical interviews per supervisory visit during the nine month period). Implementation fidelity was also measured over the same time period by tracking the mean proportion of successfully completed checklist items each month (overall and on each of five subsets of clinical observation checklist items, [Table 3](#pone.0228854.t003){ref-type="table"}).

10.1371/journal.pone.0228854.t003

###### Subset of checklist indicators.
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  Clinical Focus                                                                                                                                   Scored Checklist Items (completed yes/no)
  ------------------------------------------------------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------
  Intake                                                                                                                                           1\. Did the nurse ask for patient contact information (full address and family name)?
  2\. Did the nurse ask the patient why he/she is at the health center?                                                                            
  3\. Did the nurse ask how long and how frequently the presenting symptoms have been happening?                                                   
  4\. Did the nurse find out how the presenting symptoms are affecting the patient's ability to work, go to school, or other social functioning?   
  5\. Did the nurse ask about current and past medical illness (in order to check yes they need to have assessed both past and current)?           
  6\. Did the nurse take a complete psychiatric history?                                                                                           
  7\. Did the nurse ask about substance use/abuse?                                                                                                 
  8\. Did the nurse take a family history?                                                                                                         
  Treatment planning: non-medication based                                                                                                         1\. Assess if patient/family is aware of the diagnosis, and if he/she is not, did they disclose?
  2\. Discuss at least two relevant psychoeducation facts with the patient (from training materials)?                                              
  3\. Discuss at least two relevant psychoeducation facts with the family?                                                                         
  4\. If treating for depression, did the nurse discuss behavioral activation?                                                                     
  5\. If treating for bipolar disorder, did the nurse discuss sleep hygiene?                                                                       
  Treatment planning: medication management                                                                                                        1\. Based on symptoms, diagnosis, and any history of side effects, did the nurse prescribe the correct medication(s)?
  2\. Prescribe the correct dose of the medication(s) (see training book)?                                                                         
  3\. Tell the patient how the medication will help?                                                                                               
  4\. Tell the patient how to take the medication?                                                                                                 
  5\. Tell the patient about potential side effects?                                                                                               
  Follow up treatment planning: non-medication based                                                                                               All of above items, plus:
  1\. Assess current status of target symptoms of the diagnosed disorder?                                                                          
  2\. Assess for development of any new symptoms?                                                                                                  
  3\. Ask/assess current level of functioning?                                                                                                     
  4\. Address all current symptoms and current level of functioning?                                                                               
  5\. Provide psychoeducation (ref. to training materials)?                                                                                        
  Follow up treatment planning: medication based                                                                                                   1\. Assess medication response?
  2\. Ask about side effects?                                                                                                                      
  3\. Address side effects appropriately?                                                                                                          
  4\. Based on symptoms, diagnosis, and any history of side effects, did the nurse prescribe the correct medication(s)?                            
  5\. Prescribe the correct dosage of medication(s)? (based on training materials)?                                                                

Data collection: Clinical effectiveness {#sec017}
---------------------------------------

### Participants {#sec018}

Between November 1^st^ 2014 and July 1^st^ 2015, consecutive adults (age 18 and over) diagnosed with any mental disorder or epilepsy at four health centers newly participating in the MESH MH program were enrolled in a prospective, implementation science-driven evaluation of primary care nurse delivered mental health services. MESH MH program scale-up occurred in cycles of four to five health centers every six months throughout the district scale-up period (2014 to 2016) until district coverage was complete. The four health centers receiving MESH MH service support at the beginning of the rollout's funding cycle (FY 2015) were chosen for logistical and timing convenience to measure clinical outcomes and implementation fidelity. The goal was to evaluate the clinical outcomes of service users receiving basic mental health care packages of care within the primary care settings supported by MESH MH. Written informed consent from each service user and his/her designated proxy was collected at enrollment. Persons who needed to be transferred to the district hospital for an acute medical or psychiatric emergency, people who presented with a primary alcohol or substance use disorder, or those who were not able to have a family member accompany them at initial enrollment were excluded as stipulated by the Rwandan National Ethics Committee.

### Clinical outcomes and economic outcome measures {#sec019}

Service user symptom and functioning assessments were performed at baseline, two and six months by a trained clinician-researcher. Service users were assessed only on their return for a routine follow-up visit at the health center. For those who did not return for follow-up initially, a CHW in their village was contacted to call or visit the service user and encourage the person to return to care. Those who then returned for routine follow-up were re-interviewed at two and six months after their initial visit. All others were considered lost to follow-up.

Primary outcomes evaluated included clinical symptoms and functional disability. The General Health Questionnaire (GHQ-12) is a general measure of clinical symptoms of psychological distress frequently used in primary care settings. \[[@pone.0228854.ref020]\] This scale was chosen rather than a disorder-specific symptom scale given the anticipated diagnostic heterogeneity of the study population. The World Health Organization Disability Assessment Scale Brief (WHO-DAS II Brief) scale was chosen as a general measure of functioning and disability across a variety of domains relevant to mental and neurological illness. \[[@pone.0228854.ref021]\] Although neither scale had yet been validated specifically in Rwanda, both scales have demonstrated high levels of validity and reliability across multiple cultures and languages. \[[@pone.0228854.ref022]--[@pone.0228854.ref025]\] All instruments were translated into Kinyarwanda, back translated prior to implementation, and pilot-tested among a convenience sample of ten service users at Burera district (Butaro Hospital) outpatient mental health clinic, to ensure face validity. The Cronbach alpha demonstrated good internal consistency for both the GHQ-12 (α = 0.93) and the WHO-DAS Brief (α = 0.90).

Secondary outcomes included a scale of economic burden and service use, adapted from a scale used in other resource limited settings. \[[@pone.0228854.ref026]\] The economic questionnaire included items on self-perception of illness severity, medication adherence, household features and goods as listed on the Rwanda National Survey, national economic classification, level of engagement in income generating work, estimated number of hours of care support provided for the service user by family and informal caregivers, the number of lost days of work for service users as well as caregivers, and health care and associated costs incurred by the service user and family.

### Sample size {#sec020}

The enrollment goal was at least 116 patients, the minimum sample size needed to estimate the percent of patients with a clinically significant (25%) decrease in GHQ-12 score with a 95% confidence interval of +/- 10%. Based on past follow up rates for studies in other clinical domains, it was estimated that 80% of patients would be retained in the study and analysed, and that 50% of those would experience a clinically significant improvement. \[[@pone.0228854.ref018]\]

### Statistical analysis {#sec021}

For outcome measures, we calculated change in GHQ-12 and WHO-DAS II Brief scores after two and six months, relative to baseline, and tested whether this change was different from zero using a paired t-test. Because not all patients had follow-up assessments after two and six months, we conducted sensitivity analyses in which we carried forward the last available score for participants missing the given follow-up assessment. To examine changes in binary outcomes (e.g., income generating activities and support needed in daily activities) we conducted hypothesis testing using McNemar's test for paired data and repeated sensitivity analyses in which carried forward the last value for patients lacking a follow-up assessment of these outcomes. We examined factors associated with missing a follow-up assessment at six-months using chi-squared, Fisher's exact, and Wilcoxon rank-sum tests. To test whether checklist completion improved over time, we used mixed effects regression analyses, which included a random intercept for each nurse in order to adjust variances for multiple assessments per nurse.

Results {#sec022}
=======

MESH MH implementation reach (service use) {#sec023}
------------------------------------------

2239 unique service users were seen at all health centers supported by the MESH MH program during the district scale up period from November 2014 to October 2016. A total of 15,744 visits for a mental disorder or epilepsy occurred during this same period.

Fidelity of MESH MH implementation {#sec024}
----------------------------------

Between November 2014 and July 2015, a total of 67 supervision and mentorship visits, and quality improvement meetings, were completed at the four health centers participating in the evaluation. This number represents 70% of the program target goal of 96 visits during the study period. Mentors filled out a total of 220 observed interview checklists during the same period, which represents 76% of the program target goal of 288 completed checklists.

Overall, the mean proportion of checklist items successfully completed increased significantly over time (p\<0.0001), from 44% to 80% at the end of nine-months ([Fig 1](#pone.0228854.g001){ref-type="fig"}). Within subgroupings of checklist items, we also observed improvements over time, and these improvements were statistically significant for intake scores (35% to 75%, p = 0.002), non-medication based follow-up scores (53% to 82%, p\<0.0001), and medication based follow-up scores (48% to 80%, p\<0.0001).

![Mean checklist score by month.\
Dots indicate months in which checklist items were completed. Categories in the legend marked with an asterisk (\*) showed significant improvement over nine months, all p\<0.001 except Intake Score for which p = 0.002.](pone.0228854.g001){#pone.0228854.g001}

Evaluation of participants and follow-up {#sec025}
----------------------------------------

Between November 2014 and July 2015, 146 people were enrolled in the MESH MH program evaluation. 4 people were excluded due to a need for referral to specialist services for acute psychiatric or medical needs. A flow chart detailing enrollment, follow-up and analysis is detailed in [Fig 2](#pone.0228854.g002){ref-type="fig"}. Participant characteristics are detailed in [Table 4](#pone.0228854.t004){ref-type="table"}.

![Enrollment flow diagram, MESH MH evaluation.](pone.0228854.g002){#pone.0228854.g002}

10.1371/journal.pone.0228854.t004

###### Baseline characteristics of the service user cohort.
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                                                N (146)   \% of total
  --------------------------------------------- --------- -------------
  **Female gender**                              96        66%
  **Age**                                                  
      18--35                                    73        50%
      36--59                                    52        36%
      60 and up                                 21        14%
  **Education**                                            
      None                                      57        39%
      1--3 years                                36        25%
      4--6 years                                41        28%
      \> 6 years                                12        8%
  **Marital status**                                       
      Never married                             45        31%
      Married                                   68        47%
      Separated                                 16        11%
      Widowed                                   17        12%
  **Health center**                                        
      A                                         30        21%
      B                                         31        21%
      C                                         48        33%
      D                                         37        25%
  **Employment**                                           
      Subsistence farming/labor                 86        59%
      Non-income generating work                15        10%
      Labor                                     3         2%
      Studying                                  6         4%
      No productive work                        36        25%
  **Has electricity**                            3         2%
  **Water**                                                
      Protected Spring                          1         1%
      Public tap                                84        58%
      Unprotected spring                        40        27%
      Surface water                             21        14%
  **Sanitation**                                           
      Pit Latrine (non-shared)                  92        63%
      Open pit                                  50        34%
      No facility                               4         3%
  **Household goods**                                      
      Radio                                     57        39%
      Cellphone or telephone                    27        18%
      Means of transport (bicycle, moto, car)   8         5%
      Television                                0         0%
      None of the above                         79        54%

A total of 121 (83%) remained in care after six months and completed the program evaluation questionnaires. Approximately 60 people (50% of those remaining in care) were directly supported by CHWs in their return to care, either by verbal encouragement or direct accompaniment to services. Older age, health center, owning no household items (cell phone, radio, bicycle or television), and a higher baseline GHQ-12 score were significantly positively associated with loss to follow-up ([Table 5](#pone.0228854.t005){ref-type="table"}). For those who completed the evaluation, participants attended an average of 7.3 visits during the six-month study period.

10.1371/journal.pone.0228854.t005

###### Univariable predictors of missing follow-up evaluation at 6-months.
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                                                                                                     Has follow-up   Missing follow-up   p-value
  -------------------------------------------------------------------------------------------------- --------------- ------------------- ---------
  Female gender[^a^](#t005fn001){ref-type="table-fn"}                                                82 (68)         14 (56)             0.26
  Age[^a^](#t005fn001){ref-type="table-fn"}                                                                                              0.02
      18--35                                                                                         64 (53)         9 (36)              
      36--59                                                                                         44 (36)         8 (32)              
      60 or older                                                                                    13 (11)         8 (32)              
  Married[^a^](#t005fn001){ref-type="table-fn"}                                                      60 (50)         8 (32)              0.11
  Primary diagnosis[^b^](#t005fn002){ref-type="table-fn"}                                                                                 
      Bipolar disorder/Depression                                                                    15 (12)         2 (8)               0.07
      Epilepsy                                                                                       22 (18)         2 (8)                
      Psychosis/Schizophrenia                                                                        56 (46)         19 (76)              
      Other                                                                                          28 (23)         2 (8)                
  Health center[^b^](#t005fn002){ref-type="table-fn"}                                                                                    0.002
      A                                                                                              25 (21)         5 (20)              
      B                                                                                              26 (21)         5 (20)              
      C                                                                                              46 (38)         2 (8)               
      D                                                                                              24 (20)         13 (52)             
  No formal education[^a^](#t005fn001){ref-type="table-fn"}                                          44 (36)         13 (52)             0.14
  No productive work[^a^](#t005fn001){ref-type="table-fn"}                                           26 (21)         10 (40)             0.05
  Does not own radio, phone, television or mode of transport[^a^](#t005fn001){ref-type="table-fn"}   60 (50)         19 (76)             0.02
  Median baseline GHQ-12 score[^c^](#t005fn003){ref-type="table-fn"}                                 25 (17--32)     30 (24--34)         0.03

a\. Chi-squared test

b\. Fisher's exact test

c\. Wilcoxon rank-sum test

Clinical effectiveness: Symptoms and functioning {#sec026}
------------------------------------------------

Over the six-month evaluation period, there was a significant improvement in score on the GHQ-12, with median score improving from 26 to 10 (mean within-person change 12.5 \[95% CI: 10.9--14.0\] p\< 0.0001), and a significant improvement on the WHO-DAS Brief, with median score improving from 26.5 to 7 (mean within-person change 16.9 \[95% CI: 14.9--18.8\] p\< 0.0001) ([Table 6](#pone.0228854.t006){ref-type="table"}). Results were similar in sensitivity analyses in which we carried forward the last available score for patients who were missing the follow-up assessment.

10.1371/journal.pone.0228854.t006

###### Changes in GHQ-12 and WHO DAS Brief scores from baseline among service users.
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                                   Baseline median score \[IQR}   2 months median score \[IQR\]   6 months median score \[IQR\]   Mean within-person change (baseline to 2 months)   p-value for 2 month change   Mean within-person change (baseline to 6 months)   p-value for 6 month change
  -------------------------------- ------------------------------ ------------------------------- ------------------------------- -------------------------------------------------- ---------------------------- -------------------------------------------------- ----------------------------
  **GHQ-12 score**                                                                                                                                                                                                                                                   
      All available observations   26 \[18--33\]                  12 \[7--18\]                    10 \[6--17\]                    11.6 \[10.2, 13.9\]                                \<0.0001                     12.5 \[10.9, 14.0\]                                \<0.0001
      Last value carried forward   26 18--33\]                    14 \[7--19\]                    12 \[6--18\]                    10.1 \[8.7, 11.4\]                                 \<0.0001                     11.2 \[9.7, 12.7\]                                 \<0.0001
  **WHO-DAS Brief score**                                                                                                                                                                                                                                            
      All available observations   26.5 \[18--34\]                10 \[1--18\]                    7 \[1--13\]                     13.9 \[12.0, 15.7\]                                \<0.0001                     16.9 \[14.9, 18.8\]                                \<0.0001
      Last value carried forward   26.5 \[18--34\]                12 \[3--22\]                    8 \[2--16\]                     12.1 \[10.3, 13.8\]                                \<0.0001                     14.8 \[12.9, 16.7\]                                \<0.0001

NOTE: All available observations analyses include 146, 127, and 121 observations at baseline, 2 and 6 months, respectively. Last value carried forward analyses include 146 observations at each time point.

Economic outcomes {#sec027}
-----------------

There were significant decreases in the percentage of service users who reported an inability to work any day of the past thirty days (51% of surveyed service users at baseline to 6% after six months, p \< 0.001), and the percentage of service users who reported the need for help with activities of daily living (40% at baseline to 6% after six months, p \< 0.001). There was also a significant reduction in the proportion of households who reported that a family member in the home had left income-generating work to care for the service user, from 41% at baseline, for a median of five days, to 4% after six months, for a median of two days (p \< 0.001) ([Table 7](#pone.0228854.t007){ref-type="table"}). Results were similar in sensitivity analyses in which we carried forward the last available value for patients who were missing the follow-up assessment.

10.1371/journal.pone.0228854.t007

###### Changes in income generation and daily activities among service users, and their caregivers.

![](pone.0228854.t007){#pone.0228854.t007g}

                                                                                                                  Baseline             2 months           6 months   p-value
  --------------------------------------------------------------------------------------------------------------- -------------------- ------------------ ---------- ----------
  **Inability to work** [**any day**]{.ul} **in past 30 days as a result of a mental health condition**                                                               
      All available observations[^a^](#t007fn001){ref-type="table-fn"}                                            73 (51)              15 (12)            7 (6)      \<0.0001
      Last value carried forward[^b^](#t007fn002){ref-type="table-fn"}                                            73 (51)              26 (18)            17 (12)    \<0.0001
  Requires help with activities of daily living                                                                                                                       
      All available observations[^c^](#t007fn003){ref-type="table-fn"}                                            59 (40)              20 (16)            7 (6)      \<0.0001
      Last value carried forward[^b^](#t007fn002){ref-type="table-fn"}                                            59 (40)              28 (19)            15 (10)    \<0.0001
  **Primary caregiver left income- generating work to care for service user**                                                                                         
      All available observations[^d^](#t007fn004){ref-type="table-fn"}^,^[^e^](#t007fn005){ref-type="table-fn"}   60 (41)              14 (11)            5 (4)      \<0.0001
  (median: 5 days)                                                                                                (median: 3.5 days)   (median: 2 days)              
      Last value carried forward[^b^](#t007fn002){ref-type="table-fn"}^,^[^f^](#t007fn006){ref-type="table-fn"}   60 (41)              23 (16)            14 (10)    \<0.0001
  (median: 5 days)                                                                                                (median: 4 days)     (median: 4 days)              

a\. Analyses using all available observations include 144 baseline assessments, 125 2-month assessments, and 119 6-month assessments

b\. Analyses using the last value carried forward include 146 observations at each time point

c\. Analyses using all available observations include 146 baseline assessments, 124 2-month assessments, and 120 6-month assessments

d\. Analyses using all available observations include 146 baseline assessments, 125 2-month assessments, and 120 6-month assessments

e\. Observations for number of days of work missed were available for 59/60 people at baseline.

f\. Observations for number of days of work missed were available for 59/60 people at baseline. Therefore, the last value carried forward analyses include 22 observations for this variable at 2 months and 13 at 6 months.

Discussion {#sec028}
==========

Our study is among the first to describe implementation fidelity and outcomes of a multifaceted implementation program designed to capacitate government primary care health providers in a resource-limited setting to care for service users with severe mental disorders and epilepsy. The findings provide strong evidence that our cohort achieved significant clinical improvement relatively quickly, which was sustained through six months of treatment, including reductions in psychological distress and functional impairment. There were also significant household benefits to treatment, with decreases in caregiver burden, and increases in individual and family engagement in income-generating activities, during the study period. Our implementation fidelity outcomes show that adherence to the core components of the MESH MH strategies was high. These findings suggest that the MESH MH was generally delivered as intended, and nonspecialist primary health care workers at health centers successfully provided mental health care to service users with severe mental illnesses and epilepsy, leading to significant improvements in multiple domains.

We found that GHQ-12 scores and WHO-DAS Brief scores were relatively high at baseline, indicating high initial distress and disability in our participating population. Available data suggest that the highest proportion of disability associated with mental disorders occurs in LMICs. \[[@pone.0228854.ref027]\] Many people with severe mental disorders in those settings either receive no care, or receive care in central neuropsychiatric facilities disconnected from their communities. The clear and rapid improvements in distress and disability experienced by service users in our study demonstrates the urgency to capacitate rural general health systems in resource limited settings to care for individuals with severe mental illness close to their homes. Improving the capacity of local health care providers to successfully manage people with severe mental disorders may also increase family and community confidence in the local health system, thereby reducing reliance on central neuropsychiatric facilities.

At the end of our study period, we found significantly increased engagement in income generating activities by service users and a decreased reliance on household caregivers for activities of basic living. Engaging in productive work not only generates earnings, but also improves social participation, both of which are conducive to better mental health. \[[@pone.0228854.ref028]\] We also found increased engagement in income-generating activities by caregivers. Although the interplay between severe mental and neurologic disorders and poverty is complex, our data correlating mental health care delivery and improvements in the economic productivity of service users and caregivers are aligned with previous data documenting the positive effects of mental health interventions on the economic status of service users and families. \[[@pone.0228854.ref029]\] Care for severe mental disorders may play multiple roles in poverty reduction efforts in resource-limited settings, for example through fostering social capital for service users and families as well as increasing the ability of caregivers to be productive economically for the entire household.

Our MESH MH implementation model used four specific evidence-based strategies to help primary care nurses and health centers to implement care packages. Fidelity to the model was 70 and 76% of target goal for the total number of supervisory and QI visits, and completed clinical checklists, respectively. Challenges in meeting these program goals primarily related to the logistics of staff travel to distant health center sites for supervisory purposes and staff shortages for vacations, illness and other limitations in human capital. Nevertheless, our implementation program still facilitated significant improvement in service user symptoms and functional disability. Previous literature has suggested that the development and application of deliberate strategies resulting in evidence-based practice implementation success may be effective across many different clinical innovations and guidelines. \[[@pone.0228854.ref030]\] Our relatively high degree of implementation success may be related to the previously established feasibility and acceptability of our bundle of implementation strategies within the Rwandan primary care context. \[[@pone.0228854.ref016]--[@pone.0228854.ref017]\] As task sharing in mental health care also requires complex changes in clinical practice and in the organization of care delivery beyond health provider interventions, the success of MESH MH may also be due to its multifaceted implementation focus on both provider and system level change. \[[@pone.0228854.ref031]\] Further studies are needed to examine MESH MH with reference to theories of change, as well as potentially to quantify the impact of the individual strategies within the MESH MH program on care delivery outcomes.

Our clinical checklist scores used for audit and feedback to primary care nurses raise another salient question for task sharing in mental health care: As the tasks of evidence-based care packages are distributed among non-specialist care providers, how can basic standards of care for these tasks be encouraged, taught, mentored and feasibly delivered in complex, resource-limited health settings? Our clinical checklist items covered a basic set of assessment and treatment objectives and were developed in context as skills and tasks were reassigned to primary care nurses at health centers. In our study, after nine months of supervision, primary nurses significantly increased their overall performance improvement from 47 to 80% of checklist items scored correctly. For checklist items that focused on treatment initiation at intake, however, including both pharmacologic and non-pharmacologic treatment, improvements occurred but did not reach significance. This could be because our sample size was smaller for these items. However, these smaller improvements and variations in scores over time particularly in psychoeducation and basic non-pharmacologic interventions skills such as behavioral activation, could have been due to multiple factors, including provider knowledge, understanding of symptom targets for non-pharmacologic treatment components, or logistical concerns such as time available per service user. It is also possible that the training and supervision provided did not engage providers deeply enough on the specifics of good psychosocial and psychotherapeutic (non-pharmacologic) care. The observed variations in checklist item completion reinforce the need to focus on continuous quality improvement of primary care nurse clinical skills to foster sustained basic care package delivery, particularly basic psychosocial and psychotherapeutic care quality. The quality improvement of such care should also reinforce recovery-oriented models for people living with severe mental disorders, and incorporate more and improved person-centered components including self-care interventions and interventions designed to optimize decision-making capacity for service users. The establishment of basic care standards must also recognize that provider burnout can be significant in systems wherein lesser trained individuals are given additional tasks, especially as care is scaled and providers may be taking on more and unfamiliar tasks. \[[@pone.0228854.ref032]\] The iterative development of achievable standards and competencies as tasks are shared with non-specialist providers, adapted over time as the task shared mental health system matures, may be the most appropriate solution. This is especially important as the mental health services available at health centers are expanded to include the delivery of formal psychotherapies designed for delivery by non-specialist providers.

This study makes several contributions. First, we provide a prospective description of significant improvements in a variety of service user outcomes from the scaled delivery of task shared mental health care packages in a resource-limited, government-run primary care setting. While the findings are limited to four health centers among nineteen in one rural district, they are highly encouraging with regard to the potential for national scale in Rwanda specifically as the government-supported infrastructural elements in the other 41 districts are similar, as well as being promising for application of the model to other settings. These data are important as very limited clinical effectiveness data for mental health task-sharing in such settings exist. Research evidence for task sharing in mental health generally focuses on the efficacy of specific pharmacologic or psychological interventions for certain disorders and rarely evaluates the impact of implementation models designed for scaling task-shared mental health care within real-world settings. Such research trials may have limited external validity as well, as there is often an infusion of financial and human resources into a research endeavour which are not sustained outside of the trial or if so, are not integrated within functional primary care settings. Our data instead report on outcomes for service users receiving care from decentralized mental health services in a real-world government setting of care, supported by a locally designed, innovative, evidence-based implementation model. This may increase the salience of our outcomes to policy makers and health care system planners, in addition to health care providers, who are responsible for improving mental health care outcomes in their own resource-limited settings.

Our study also specifically articulates each component of an implementation strategy outlined by our multifaceted implementation model, aimed at both provider and system levels. These types of strategies are critical for translating evidence-based interventions for task sharing in mental health care into reality; yet such strategies are rarely studied or reported on in low-resource settings. \[[@pone.0228854.ref033]\] Our strategies are consistent with the growing evidence base in the literature for effective implementation of evidence-based practices, \[[@pone.0228854.ref034]--[@pone.0228854.ref035]\] and our successful implementation model could facilitate stakeholders to develop similar multifaceted, multilevel implementation models that are tailored to local context, in order to bridge the gap between evidence and practice for mental health care packages in resource limited settings. Further research is needed to rigorously assess the efficacy of the MESH MH model for scaling task-shared mental health services in multiple settings, as well as to assess its sustainability over time.

We evaluated whether the MESH MH program contributed to improved clinical and functional outcomes among service users participating in the program, but we did not include a control group. This is consistent with the implementation science approach of the study, and other potential comparisons---such as enrollment of a contemporary comparison population receiving 'care as usual', or randomized assignment to delayed care---would have been ethically problematic in a location where there are few alternative opportunities for access to quality mental health care. It is possible that the clinical improvements observed in the study may be due to underlying secular trends or the natural course of illness in our population rather than the initiation of program implementation; however, these explanations are less likely given that clinical improvements occurred relatively quickly for most service users and were sustained throughout the study period. Our robust implementation fidelity findings strengthen the plausibility that observed clinical changes can be attributed to services supported by the MESH MH program.

Another limitation is that MESH MH has been used and tested for mental health care scale up to public health centers in only one district in Rwanda---one of 3 districts (out of 42 nationally) that are considered very well-supported by PIH. The availability of logistical and financial support for utilizing the MESH MH implementation strategies may have resulted in a higher impact of the program, including higher fidelity to implementation goals as well as service user outcomes. To address this limitation, current new efforts involve incorporating the MESH MH model within districts not closely supported by PIH, led directly by the Rwanda MoH, with plans for eventual national scale-up to all health centers if effective. MESH MH was successfully used to scale up primary care delivered mental health packages for severe mental disorders in one rural district, yet whether implementation results can be nationally scaled remains to be determined. A costing analysis of MESH MH would have important utility to help to determine whether the operational costs of MESH MH can be absorbed within the scope of the MoH budget dedicated to local health facilities.

Conclusion {#sec029}
==========

The provision of safe, effective, evidence-based and culturally relevant mental health services at the health-center (primary care) level, linked effectively to functional community health worker networks to provide support at a household level, and to district hospitals that can provide quality higher level care for more severe presentations of illness, represents the holy grail of global mental health. We adapted a multifaceted implementation program initially designed for the decentralization of HIV/AIDS care to facilitate the scale up of health center-delivered packages of care for severe mental disorders in one rural district in Rwanda. Our program implementation was associated with improvements in clinical assessment and treatment delivered by primary care nurses, as well as significant improvements in clinical outcomes and household economic status of service users receiving care at select health centers supported by the program. The results of our work demonstrate that MESH MH represents a promising platform to reduce the evidence to practice gap for mental health care package delivery by non-specialist providers in resource limited settings. Such strategies are imperative in order to reduce the burden of mental disorders across the globe. Further research is needed to determine whether MESH MH could be applied in multiple settings in order to bring evidence-based care packages for delivery by non-specialist providers, to scale.

Supporting information {#sec030}
======================

###### MESH MH evaluation proposal, Rwanda National Ethics Committee, July 2014.

(PDF)

###### 

Click here for additional data file.

###### Evaluating process and clinical outcomes of a primary care mental health integration project in rural Rwanda: A prospective mixed-methods protocol.

(PDF)

###### 

Click here for additional data file.

###### Trend statement checklist, MESH MH evaluation.

(PDF)

###### 

Click here for additional data file.
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10.1371/journal.pone.0228854.r001

Decision Letter 0

Tran

Thach Duc

Academic Editor

© 2020 Thach Duc Tran

2020

Thach Duc Tran

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

4 Nov 2019

PONE-D-19-23635

Outcomes of a primary care mental health implementation program in rural Rwanda: a quasi-experimental implementation-effectiveness study

PLOS ONE

Dear Dr. Smith,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Dec 19 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Thach Duc Tran, M.Sc., Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

1.When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2.  Thank you for stating the following in the Financial Disclosure section:

\"This study was generously funded by the Abundance Foundation and Rick and Nancy Moskovitz. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. \"

We note that one or more of the authors are employed by a commercial company: \'Partners In Health\'.

Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

2\. Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.  

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to  PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and  there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

\* Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: <http://journals.plos.org/plosone/s/competing-interests>

3\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

Additional Editor Comments (if provided):

Please provide a statement on how sample size was determined. Explain why no control group was involved and the possible effects to the main findings.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This paper reports a well conducted implementation study of a novel primary mental health care intervention, undertaken in challenging circumstances in rural Rwanda. The authors explain how the intervention was developed pragmatically on the back of existing prmary health care programmes, and clearly specify key elements of the delivery package (training, mentoring, performance audit and QI project collaboration). They provide a convincing rationale for undertaking a before- and after-study without controls or comparison groups. Their primary (GHQ-12 and WHO-DAS) and secondary outcomes (including income generation) are reasonable. The findings are, in general, clearly described and suitable caveats are in place regarding their clinical significance and their generalisability.

I have three comments/queries:

1\. The abstract needs to be rewritten to distinguish clearly between methods and results. The methods currently describes a cohort of 146 adults, but then the results begin by referring to 2239 service users. My understanding of the paper is that the 146 were a sub-set of the 2239. This needs to be clarified. I would expect the methods section of the abstract to summarise the methods section of the main paper, including key elements of the delivery programme, which it currently does not do. (The main text is clear on this distinction). The concluding section of the abstract should briefly note methodological limitations of a pre-post design.

2\. The discussion of limitations in the main paper could expand on the interesting findings of differences in records regarding assessment vs interventions, and especally why psychoeducation interventions did not improve and indeed appear to drop off. I wonder if these types of intervention are more intensive/challenging for the nurses to deliver, and hence would benefit from greater input at training/mentoring phases.

3\. 83% is impressive for 6 month articipant follow up, in any context. What proportion of particiapnts needed support/encouragement from CHWs i.e. how significant was the role of CHWs in this whole delivery process?

Reviewer \#2: I really enjoyed reading this paper. It is a well written, structured paper that will appeal to the journals authorship. Topically it is important and work on global health solutions has an increasing national and international focus.

The paper is of particular importance as it focusses on a multifaceted implementation programme which was initially designed to integrate HIV/AIDS care into primary care and have adapted this methodology for severe mental disorders and epilepsy in rural Rwanda. Such knowledge and methods are of crucial importance if we are ever to bridge the know-do gap and commend the authors on their work. This paper makes a significant contribution to the literature.

The authors have acknowledged the methodological implications of the use of pre-post design.

A few issues that I think require addressing are;

• Justifcation/rationale for the inclusion of schizophrenia; bipolar disorder; major depressive disorder and epilepsy is needed. Although the authors have justified the inclusion of mental health and epilepsy -- justification of how the 3 specific mental health disorders were selected is needed (eg burden, disability, prevalence, policy drivers or multiple reasons).

• There appears to be absence of involvement of the patients and families in the intervention both at devising the multi-faceted implementation programme and in the delivery. For example in the 'Treatment planning: non-medication based and the Treatment planning: medication management sections in Table 3. Subset of Checklist Indicators there is a noticeable lack of patient and family involvement -- so it is framed top down ie Tell the patient how the medication might help, tell the patient - Tell the patient about potential side effects. The absence of patient involvement, self-care- management and particularly shared decision making is noticeable throughout the paper .

• I may have missed it but I was unable to identify how many participants were triaged and e and referred to specialist mental health care for acute or complex needs.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Christopher Dowrick

Reviewer \#2: Yes: Karina Lovell

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0228854.r002

Author response to Decision Letter 0

17 Jan 2020

Responses to the Journal's requirements (also addressed in the Cover Letter and Responses to Reviewers):

1\) As a point of clarification, the organization Partners In Health is a non-profit 501(c)(3) organization, not a commercial entity as the editor mentions in point 1 of the 'Journal Requirements'. We have edited our Funding Statement and Competing Interests statement as requested by the Editor, but want to make sure that our organization is not misrepresented as a commercial company.

Responses to the Editor's comments:

1\) We have added a section on how our sample size was determined (entitled Sample Size in the Methods section). We have also added into the Abstract a statement on the primary limitation of the study (lack of a control group), and have discussed this limitation and possible effects of the limitation in paragraph 8 of the Discussion section, particularly that the clinical improvements observed in the study may be due to underlying secular trends or the natural course of illness in our population rather than the initiation of program implementation.

Responses to Reviewer \#1:

1\) As requested, we have rewritten the abstract to distinguish clearly between methods and results. We have included a brief description of the key elements of the MESH MH implementation program within the methods section, as noted by the reviewer. In addition, we clarify that the population participating in the outcome evaluation is a group of consecutive adults presenting to the health centers over a nine month period---a subset of the total number of patients seen over the two year scale-up period. We have stated the primary limitation of the study in the conclusion of the abstract. Please also refer to the tracked changes version of the revised manuscript.

2\) In comment \#2, the reviewer asks for expansion of the discussion on the differences among checklist item completion subgroups (assessment versus intervention). These differences, and specifically the variable scores of the nurses on non-pharmacologic interventions, as mentioned by the reviewer, is discussed relatively extensively in paragraph 5 of the Discussion section. We have now made some minor edits to the section to make more clear that we are discussing the issues put forth by the reviewer. If additional expansion is still requested beyond our edits, please give further detail on what elements we should expand on given that this section of the Discussion is relatively lengthy already.

3\) We have added a comment in the Results section highlighting the role of CHWs for those who continued in care after six months.

Responses to Reviewer \#2:

1\) In the Methods, in the section 'Evidence-based Care Packages', we have made clearer how the initial areas of clinical focus (psychosis, severe depression and epilepsy) were chosen. The specific clinical areas were determined both by perceived burden of illness attributable to these disorders within the district, as well by the stated clinical priorities of health system leaders in Burera district during the early stages of MESH MH development.

2\) We agree with the reviewer that in many ways, the program was designed from a health system perspective in mind---namely that the program components were focused on improving quality of care delivered by non-specialist providers, and more could be added to the program around supported decision-making with service users. We have added some text in paragraph 8 of the Discussion section about next steps and need for program improvements vis a vis effective participation in program development by service users.

3\) In the Results, in the section entitled 'Evaluation of participants and follow-up' we have clarified how many individuals (four) were excluded from the program evaluation due to acute psychiatric or medical needs.

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0228854.r003

Decision Letter 1

Tran

Thach Duc

Academic Editor

© 2020 Thach Duc Tran

2020

Thach Duc Tran

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

27 Jan 2020

Outcomes of a primary care mental health implementation program in rural Rwanda: a quasi-experimental implementation-effectiveness study

PONE-D-19-23635R1

Dear Dr. Smith,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Thach Duc Tran, M.Sc., Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Karina Lovell

10.1371/journal.pone.0228854.r004

Acceptance letter

Tran

Thach Duc

Academic Editor

© 2020 Thach Duc Tran

2020

Thach Duc Tran

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

11 Feb 2020

PONE-D-19-23635R1

Outcomes of a primary care mental health implementation program in rural Rwanda: a quasi-experimental implementation-effectiveness study

Dear Dr. Smith:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Thach Duc Tran

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors declare no competing interests. Authors SLS, CR, HM, BN, RB, SD, RAO, RA, SD, AR, SC, AM, and GJR are affiliated with and/or employed by the non-profit 501(c)(3) organization Partners In Health. This affiliation does not alter our adherence to PLoS ONE policies on sharing data and materials.
